Rats were trained to run in a running wheel under different schedules of reinforcement and different levels of food deprivation. In Experiment 1, the experimental group was reinforced and maintained with a fixed-ratio 40 or fixed-interval 60 sec schedule. The yoked group was confined to the second wheel and received food pellets at the same time when its master rat was reinforced. The experimental animals learned the wheel-running according to the contingency of reinforcement. The yoked rats ran just after reinforcement. This result suggests that wheelrunning of the yoked rats is a schedule-induced behavior. The resistance to extinction was strong and all rats maintained high performance during 5 extinction sessions. In Experiment 2, rats which were less hungry than in Experiment 1, were trained under a fixed-ratio 40 or fixed-interval 60 sec food schedule. They learned wheel-running, and rats under the fixed-interval schedule showed evidence of timing behavior, "scallop". These results indicated that the wheel-running behavior of rats could be reinforced and maintained by food schedules. However, the high resistance to extinction suggests that there were other sources of reinforcement for the running behavior of rats.
The running behavior in a wheel has been studied from the former century as a behavioral tool to measure the effects of several physiological and pharmacological factors (e.g., Stewart, 1898 Brener, 1987 .
In general, the reason why animals, especially rodents, run in the wheel has been interpreted as "general or spontaneous activity" by some internal drives (Richter, 1927) , and many drives such as hunger, thirst and sex, might be responsible for this behavior (Bindra, 1961) . For rats, running is one of the most probable behaviors, and wheel-running was used as a reinforcer of drinking (Premack, Shaeffer, & Hundt, escape/avoidance training. In fact, it was easily learned by rats and mice to run to avoid electric shock with Sidman's (1953) avoidance schedule in the running-wheel situation developed by Iso (1984) and Shimai and Iso (1987) . The running responses in the wheel were neither unconditioned running responses to the shock (Bolles, 1971 ; Myer, 1971) nor "general or spontaneous responses (Richter, 1927 ; Bindra, 1961) " nor "exploratory migration (Mather, 1981) ", but they were an operant response acquired by avoidance contingencies both in rats (Iso, Brush, Fujii, & Shimdzaki, 1988 , Exp. 1) and mice (Iso & Shimai, 1991, Exp.1) . Such a running behavior is so rapidly acquired and maintained that it is applied to physiological experiments instead of treadmill (Yoh, Nakayama, Tateishi, Tominaga, Tsuji, Ueda, & Nakano, 1990 ) and beneficial effects on bone, muscle, and several visceral organs were reported (Yoh, Tsujita, & Iso, 1991 ).
The present study shows that wheelrunning behavior of rats can also be acquired as an operant under some foodreinforced schedules. If the wheel-running behavior in this paradigm is successfully acquired like that under shock-avoidance schedule, "running by food reinforcement"
will be applicable to physiological and pharmacological studies as a less-stressful procedure than the aversive procedures (Yoh et al., 1990 (Yoh et al., , 1991 .
Experiment 1
The purpose of Experiment 1 is to test whether wheel-running response can be acquired by rats under the food schedules of reinforcement as an operant behavior.
The yoked control method is used to examine this hypothesis.
If wheel running is "general activity", induced by hunger drive (Richter, 1927 ; Bindra, 1961) , wheel running of both experimental and yoked animals should be reduced as number of reinforcements increased, and affected by the reinforcer in the same fashion since both groups receive the same number of food pellets at the same time. Next, if it is "exploratory migration (Mather, 1981) 
Apparatus
Two running-wheels (Iso, 1984 Iso et al., 1988 Reynolds, 1975) . Two types of schedules were used in the present experiment. (Falk, 1961 (Falk, , 1969 Wetherington, 1982) . Excessive water drinking during intermittent food schedules has been first reported and named as schedule induced polydipsia (SIP ; Falk, 1961) . Later, many behaviors including wheel running (Skinner & Morse, 1957 ; Levitsky & Collier, 1968) were reported to occur under intermittent food schedules as schedule induced behaviors (Sanger, 1986) . Although, the motives that motivate SIP are not clear (Wetherington, 1982) , there are special characteristics about SIP (Sanger, 1986 Wheel-running behavior of the yoked rats in this experiment has most of these characteristics for SIP, although wheelrunning behavior is different from water consumption (Falk, 1961) . First, animals ran as same amount as experimental rats and some animals ran more than aversively motivated rats during shock avoidance schedule (Iso, 1984 (Iso, , 1986 Iso et al., 1988) . Levitsky and Collier (1968) reported schedule induced wheel -running with variable interval 1 min lever-pressing food schedule.
During 1 hr session animals pressed lever to earn food and ran during whole interreinforcement interval, and converted to distant run, average distance per 1 hr session was reported about 350m. The present results from yoked animals exceeded this level (400-800m). Therefore, this might be a schedule-induced behavior by nature and this is an "excessive" behavior.
Second, as shown in Figure 7 , most of the yoked rats responded just after each reinforcement, consistently. This is the second characteristic of SIP. It is not a superstitious behavior (Skinner, 1948) since if it is superstition as a consequence of adventitious reinforcement (Clark, 1962) cates that rats can learn timing behavior in the present situation as in a lever-pressing situation (e.g., Reynolds, 1975) . The finding of the timing behavior suggests that wheelrunning behavior in this scheduled situation was acquired as an operant response.
General discussion
The present two experiments showed that the rats learned and maintained running responses by food reinforcer in severely (Experiment 1) and mildly (Experiment (Falk, 1961 (Falk, , 1969 . On the other hand, the post-reinforcement pose in the FR schedule and "scallops" in the FI schedule clearly showed that these behaviors are an operant (Reynolds, 1975) .
Running responses in a wheel without clear drives have been observed and interpreted as "general or spontaneous" behavior (Richter, 1927 ; Bindra, 1961) . Later, Mather (1981) explained that these responses are "exploratory migration"
without an attainable goal. In fact, the animals ran from a few tens of meters to a hundred meters per hour during the habituation session of the present experiments without hunger drive. Therefore, it is true that rodents run in the wheel by unknown drives (Richter, 1927) . Although wheel-running is a very probable behavior of rats and it reinforces other less probable responses (Premack et al., 1964 ; Iversen, 1993) , however, the drives to make animals run were not clear in these studies.
Moreover, it was found that rats ran in the wheel without any reinforcements as the hunger increased, but did not change stabilimeter and maze performances (Treichler & Hall, 1962) . The running performance of rats amounts about 600% of nondeprived level if the body weight is reduced to 75% of the nondeprived weight.
Even with the body weight reduced to 90%, the running performance of rats amounts about 200% of that in a free food condition.
The body weight of animals in the present Experiments 1 and 2 were 75% and 90% of that in a free food condition, respectively. One is that the rats might have responded in the form of "exploratory migration (Mather, 1981) The other is that there might have been some other reinforcing stimuli than food reinforcer in this wheel-running procedure. Routtenberg and Kuznesof (1967) reported that rats confined to the Wahman activity wheel with a daily 30-min feeding schedule, ran a few thousand revolutions on the wheel a day. All animals in this procedure lost body weight and died after several tens of days of this procedure by starvation. They named this phenomenon Routtenberg (1968) insisted that deprivation stress was critical to the self-starvation effect, because neuroleptics such as chlorpromazine and adaptation to the restricted feeding schedule reduced the effects of deprivation stress.
Later, Pare and Houser (1973) found that the self-starvation procedure induced rats gastric lesions which they called "activity stress ulcer". This activity-stress paradigm has been applied to physiological and pharmacological studies on stress pathology. (Richter, 1927 ; Bindra, 1961 ; Routtenberg & Kuznesof, 1967 ; Mather, 1981 ; Tsuda & Tanaka, 1990 (Received Dec. 30, 1995 ; accepted Aug. 6, 1996) 
